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Overview of turbulent dynamo theory What is a dynamo?

What type of dynamo is the local surface dynamo?

Definition of a dynamo?

Formal statement of the kinematic dynamo problem e, moftatt, 197s)
OB =V x (0 x B) +7V?B

@ Bls=0andB=0(r3)asr— oo
v(x, t) is a dynamo if Ey(t) - 0 as t — oo(> L?/n)

@ v-n = 0on boundary, S

@ Ex(t) < EmaxVt

@ may be dynamo only for certain B(x, 0) and




Overview of turbulent dynamo theory What is a dynamo?

What type of dynamo is the local surface dynamo?

Turbulence /s capable of dynamo action

Turbulent dynamo

@ Stretching of B-field lines by turbulence (Batchelor 1950)
DB =B - Vv +1,V°B

u

Straight field Folded field B X aX VX

FiG. 2.—Stretching and folding of field lines by turbulent eddies.

Schekochihin et al. 2004




Overview of turbulent dynamo theory

What is a dynamo?
What type of dynamo is the local surface dynamo?

Turbulent dynamos — well studied
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Meneguzzi et al. 1981
Pouquet et al. 1976

Many demonstrations of kinematic small-scale dynamo (SSD)

Childress & Gilbert 1995; Maron & Cowley 2001; Heitsch et al. 2001; Schekochihin et al. 2004; Maron et al. 2004;

Ponty et al. 2005; Schekochihin et al. 2005; Mininni 2006; Ponty et al. 2007; Iskakov 2007, ...




Strong stratification & little recirculation
Low magnetic Prandtl number question

Solar local surface dynamo — a small-scale dynamo?

Turbulent dynamos — large & small

2 types of turbulent dynamos

@ Large-scale (LSD; helicity,
a—effect: mean-field)

@ Small-scale (SSD;
non-helical)

_LSD

kinetic

® Rey = % > Ref; — dynamo

magnetic .-~

V.

Spectral Energy Density

Solar surface convection can drive |
1 spatial frequency
; m

local dynamo action? Rey ~ 107

Frisch et al. 1975; Pouquet et al. 1976; Field et al. 1999;

@ Petrovay & Szakaly 1993
. Brandenburg 2001; Brummell et al. 2001; Maron &
@ 7oy ~ 10mMin << Tyotation

— no net helicity

Blackman 2002; Maron et al. 2004; Mininni 2007; ...




Solar local surface dynamo — a small-scale dynamo?

Convectively-Driven Small-Scale Dynamo (Cattaneo 1999)

Re ~ 200
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o Boussinesq convection (see also Cattaneo et al. 2003)
(no sound waves)

@ o Coriolis force (SSD)



Strong stratification & little recirculation

Solar local surface dynamo — a small-scale dynamo? ) ) .
Low magnetic Prandtl number question

Open questions

1. Strong stratification & little recirculation (Stein et al. 2003)
@ Strong stratification
@ Little plasma is recirculated in the near-surface layers

@ Realistic magneto-convection with open boundaries
(Stein et al. 2003): 253 x 253 x 163 — Rey ~ 600
NO DYNAMO




Strong stratification & little recirculation
Low magnetic Prandtl number question

Solar local surface dynamo — a small-scale dynamo?

The MURaM code (vsgler et al. 2005; Végler 2003)

Realistic magnetoconvection B, & brightness

@ Strong stratification
@ Fully compressible
@ Partial ionization

@ Radiative transfer
°

Open lower boundary

(vertical upflows, % = 0 for downflows; B,,, not advected
@ hor

into box)

@ No rotation

Parallelized




Strong stratification & little recirculation

Solar local surface dynamo — a small-scale dynamo? )
4 4 Low magnetic Prandtl number question

Strong stratification & little recirculation —
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(Vogler & Schissler 2007)



Strong stratification & little recirculation

Solar local surface dynamo — a small-scale dyn Low magnetic Prandtl number question

Open questions

2. Re > Rey (e, Py = Y = £ < 1)

o Small eddies inhibit dynamo action? NO Ponty et al. 2005; Iskakov et al. 2007; Monchaux et al. 2007
Small eddies + By = Alfvén waves
* By + turbulence = cascade (not dynamo)

Pu>1—=1,<I, Pu<1—1l,<l,

Schekochihin et al. 2004

Kinetic energy
Kinetic energy

Magnetic energy grows:
small-scale dynamo

T T forcing

ko k,~Re¥k,  k,~Pri%k, k % T E

forcing

Fic. 1.—Sketch of scale ranges and energy spectra in a large-Pr,, medium.



How to tell — transfer analysis

How to tell what’s going on — transfer analysis

Kinetic Energy Magnetic Energy




How to tell — transfer analysis

Which scales generate or receive magnetic energy?

Kinetic Energy

Small Scales

'
______

(see, e.g., Mininni et al. 2005)

Magnetic Energy

>k Tev(k) = &(v-(J x B))
Tav(knor, 2') = §8{V(X. ¥, 2')} - §{J x Bl(x,y.2)}*



How to tell — transfer analysis

Large scales generate & small scales receive
magnetic energy
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How to tell — transfer analysis

At which scales is magnetic energy received?

Kinetic Energy

LB-(B-Vv)

LB-(B-Vv)

—=BPV - v

Magnetic Energy




How to tell — transfer analysis

Net magnetic energy is received at all scales

10%F T T ]

: Ewm(k) gain - stretch
103 P

1032;—

Net transfer

Enm(k) gain — compress H

10% —
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How to tell — transfer analysis

Which scales are dominated by cascade (not
dynamo)?

Kinetic Energy Magnetic Energy
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How to tell — transfer analysis

Which scales are dominated by cascade (not

dynamo)?
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How to tell — transfer analysis

Surface convection can support local SSD

Ep(k) gain
Ep (k) gain
Ep (k) loss
o Cascade below ~ 35 km 10%4E T T a)
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How to tell — transfer analysis

Surface convection can support local SSD

Small-scale dynamo

o Cascade below ~ 35km Byen ~ T

g B generated at ~ 100 km Vetreteh ~ g
Dynamo driven by ~ 500 km motions

@ Tiad = Bat~ 100km Bitretched ~ Togim

Triagio transfer
SE(k) = 1V ;3{[JA>< B}k
=k=p+q Batfoen ~ b Vatfoon ~ b

By ~

1
Targe




How to tell — transfer analysis

Conclusions

Conclusions

@ Solar surface convection can support local dynamo action

@ This dynamo is a small-scale dynamo
not magnetic cascade nor Alfvénization

Continuing Work

@ Poynting flux

@ 3D transfer (isotropy, spectral leakage, ...)

® Tys(q. k), Tev(q.K), Tea(q,K), ..
@ Comparison with Boussinesq convective SSDs
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